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Poster campaigns have been studied before but never in relation to perceived safety
culture. Virtual reality was used to study how safety signage, or lack thereof, affects peoples’
perception of a company’s priority of safety, safety awareness, safety culture, and their own
perception of how safe they feel or think a coworker would feel in the environment. There were
four virtual scenes used – No Signage, Safety Signs, Safety Posters, and Safety Posters + Safety
Signs. The four environments were similar regarding objects, colors, and size; however, the
signage on the walls differed in each. Statistical significance was found for each of the five
dependent variables tested. Participants scored the scenes using a ten-question survey given after
seeing each environment. The results confirm the original hypothesis that safety posters increase
the perceived safety culture in an industrial site environment, compared to no signage or only
safety signs.
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CHAPTER I
INTRODUCTION
Industrial sites are just one of the many environments where safety is critical for the
employees’ well-being. In 2017 and 2018 there were 2.8 million total nonfatal workplace injuries
and illnesses within private industry employee reports (Bureau of Labor Statistics, 2019).
Employees are one of a company’s most critical assets, so reducing workplace injuries and
keeping employees safe is important. To ensure employee safety, companies usually have rules
and regulations that dictate how employees dress, act, and conduct their work tasks; however,
not all controls are effective. Companies may also try to improve employee safety by
implementing safety programs, trying new management styles, or changing other factors within
their workplace like safety management systems and safety culture.
In 2002, Wiegmann researched several perceptions of the term “safety culture” and
developed a hybrid definition:
“Safety culture is the enduring value and priority placed on worker and public safety by
everyone in every group at every level of an organisation. It refers to the extent to which
individuals and groups will commit to personal responsibility for safety, act to preserve,
enhance and communicate safety concerns, strive to actively learn, adapt and modify
(both individual and organisational) behaviour based on lessons learned from mistakes,
and be rewarded in a manner consistent with these values” (Wiegmann, Zhang, von
Thaden, Sharma, & Mitchell, 2002, p. 8).
1

To summarize Wiegmann’s definition, safety culture is the resolve of an organization to practice
safe actions. It has been found that improving the level of safety culture within a company can
effectively improve safety performance indicators and reduce workplace accidents (Kalteh,
Mortazavi, Mohammadi, & Salesi, 2019). The strength of safety culture has both a direct and
indirect impact on safety management systems and can affect the safety performance of the
company (Lin, 2012). A safety management system within a company is “the formal, top-down,
organization-wide approach to managing safety risk and assuring the effectiveness of safety risk
controls. It includes systematic procedures, practices, and policies for the management of safety
risk” (Federal Aviation Administration, 2019).
Safety culture has the potential to be created and changed in several different ways, and
each company chooses different methods to do so. Through the use of a combination of several
methods of strengthening safety culture, it was found that the concept of safety culture “can be
reshaped and the analytical potential of safety culture in understanding the development and
implementation of safety management systems can be enhanced” (Jiang, Liang, & Han, 2019).
One way that safety culture has been shaped is by changing the safety management system,
which directly affects the safety knowledge, safety awareness, and safety habits within a
company (Jiang, Liang, & Han, 2019). A few other safety culture interventions are behavioral
based safety, modifying supervisory and managerial behaviors, socio-technical approaches, and
several other very specific and narrow tools (Nazaruk, 2011).
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CHAPTER II
LITERATURE REVIEW
2.1

Safety Culture
Safety culture was defined previously, but how is it measured and determined? Nazaruk

wrote an article that briefly discusses the correlation between safety culture and injury/accident
rates (Nazaruk, 2011). One factor of variability when studying how safety culture impacts
accident rates is that every company has different standards for reporting accidents and injuries,
whether these standards are legally enforced or company mandated. Nazaruk researched past
studies and methods of measuring safety culture and concluded that “different levels of analysis
can result in different results”, meaning that data collected is sometimes only relevant to that
particular analysis design. For example, Clarke’s study in 2006 showed that safety climate (or
culture) and accident relationships are moderated by study designs. In reviewing 35 research
studies, Clarke found that “safety climate shows a small positive correlation with occupational
accidents and injuries…indicating that the more positive the safety climate, the lower the rate of
injuries and accidents” (Nazaruk, 2011, p. 35). Clarke’s study suggests that safety culture can
reduce employee harm.
Another factor found that can affect an employee’s perceived safety culture is cultural
diversity in the workplace. Although culture and language diversity can prove to be beneficial
for workforces, it can also present challenges regarding safety. Even if a worker understands
spoken English, do they understand the written language, like safety signs (Jusko, 2011)? Aside
from the language, do employees’ cultural beliefs impact their dedication to safety excellence?
3

These are important questions to consider when implementing safety initiatives and signs at
industrial sites. Another side of diversity is the cultural beliefs and relating attitudes. An example
of a belief that prioritizes safety differently than a company may desire is fatalism, which is
valued by some people in Latin American culture. Fatalism is the belief that everything “is in the
hands of God” and may cause employees to overlook the use of personal protective equipment,
for example (Jusko, 2011). When dealing with cultural diversity among employees, safety
awareness proves to be more complex than expected.
2.2

Safety Signage
Bruner stated that a “key contributor to a safe work environment is an informed work

force” (Bruner, 2007). For an industrial site to be safe for its employees, the employees must be
informed and aware of the possibilities of harm and injury. Effective signage and labeling in the
workplace immediately provides anyone in the industrial site with any information they may
need to minimize injury and assists to safe emergency egress (Bruner, 2007). The first type of
safety signage is a standardized safety sign. Some factors to consider when designing or
implementing a sign for effective communication are cultural diversity and language differences,
OSHA and industry standards compliance, color-coding, bold graphics, appropriate location,
size, and customized messages. Another type of safety signage is safety posters. Safety posters
are optional, unrequired signs that companies may hang on the walls in an attempt to promote
safety awareness. In the following section, poster campaigns are discussed in relation to
promoting awareness, knowledge, and shaping attitudes.
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2.3

Poster Campaigns
Although no studies were found that investigated the specific relationship between safety

culture and safety posters, several poster campaign experiments are relevant and useful for this
research purpose. In most cases, poster campaigns are used to raise awareness or increase
knowledge of a specific subject. For example, one study evaluated the effectiveness of hand-arm
vibration syndrome (HAVS) awareness and prevention posters (Budd & Holness, 2018). Fifty
male construction workers participated, and beforehand most of them indicated that they did not
then have any HAVS-specific awareness posters at their respective worksites. To conduct their
research, Budd and Holness used a series of six posters promoting hand-arm vibration syndrome
awareness and prevention with the following themes: prevention, early detection, use of PPE,
hygiene, exposure avoidance, and exposure control. After the campaigns, self-reported
questionnaires were used to collect demographics, exposure to posters, preferred safety training,
and opinion of poster usage. The questionnaires addressed poster campaigns in general and then
asked specific questions regarding the hand-arm vibration syndrome series. It was found that
96% of the participants thought that “workplace posters are an effective method to communicate
information in a training program” (Budd & Holness, 2018, p. 5). For the HAVS posters
specifically, 88% of the participants indicated that one specific poster gained most of their
interest after evaluating the series on “message clarity, ease of understanding the relationship
between the image and the message, and effectiveness at making the viewer think about the
importance of HAVS” (Budd & Holness, 2018, p. 6). These are just a few important factors that
posters must have to be effective. The study concluded with 94% of the participants agreeing that
the use of posters in their workplaces would be effective.
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Posters can also be effective at increasing knowledge (Krishnan, Gambhir, Luecke, &
Jagannathan, 2016). In this study, there were four campaigns with the intent to promote gender
equity regarding “gender and violence against women, alcoholism, sexual and reproductive
health, and HIV/AIDS” (p.1169). The four campaigns spanned over 10 months using an
intervention site and a delayed control site. Surveys were used to collect data on “sociodemographic characteristics and knowledge and attitudes related to gender equity, intimate
partner violence (IPV) and alcohol use” (p. 1169). After analyzing data from all 835 participants
that used the mobile-phone-based survey, it was found that there were statistically significant
improvements in attitudes towards these gender equity subjects and increased knowledge which
can lead to improvement in health practices. After 12 months, the intervention group participants
showed “greater gender-equitable attitudes, were less likely to report IPV to be acceptable
against a wife or husband, less likely to associate alcohol use with positive outcomes, and were
more knowledgeable of IPV and alcohol-related support services” (Krishnan, Gambhir, Luecke,
& Jagannathan, 2016).
If poster campaigns can be used to promote hand-arm vibration syndrome awareness and
prevention methods as well as promote particular attitudes and increase knowledge about
specific subjects, then they may also be effective for creating safety awareness and promoting a
safety culture at industrial sites.

6

CHAPTER III
RESEARCH OBJECTIVE
The objective of this study was to determine the effects that safety signage, specifically
safety posters, have on the perceived safety culture of a company due to its visual indicators in
an industrial site environment. Safety culture has been studied with regards to managerial styles
and program initiatives, but there is a lack of research on the relationship between signage and
perceived safety culture.
3.1

Hypothesis
The following hypothesis was investigated:
1.

The presence of safety posters will increase the perceived safety culture in an
industrial site environment, compared to no signage or only safety signs.
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CHAPTER IV
METHODS
To study how safety posters affect perceived safety culture at industrial sites, a virtual
environment was used to simulate a warehouse environment with varying levels of signage.
Surveys were used by participants to gather data about the effects of safety posters, safety signs,
or lack thereof on perceived safety culture.
4.1

Participants
Forty participants were recruited from Mississippi State University by verbal

communication and through email. Recruitment materials can be found in APPENDIX A. Each
participant was screened using a Google Form through email before they were accepted for the
study (APPENDIX B).
There was also a demographic survey given to each participant (APPENDIX C). The
survey asked common demographic questions like age, ethnicity, and gender, as well as a few
questions relevant to the study. Participants were asked their religion due to findings in the
literature about how religion affects how people may approach safety and their daily tasks. Past
work experience of any kind, familiarity with the Occupational Safety and Health Administration
(OSHA), and experience with VR were also included. Table 4.1 shows a summary of participant
demographics.
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Table 4.1

Participant Demographics by Percentage

Age
18-19
20-21
22-23
24+

17.50%
45.00%
27.50%
10.00%

Female

40.00%

Male

60.00%

Atheist
Buddhist
Christian
Hindu
Muslim
Prefer not to answer
VR Experience
No experience
Some experience
Experienced
Very experienced

5.00%
2.50%
82.50%
5.00%
2.50%
2.50%

Gender

Religion

OSHA Familiarity
Not familiar
Somewhat familiar
Familiar
Very familiar
Ethnicity
Asian
Black or African
American
White
Job Experience
Internship
Part Time
Full Time
Research
None

17.50%
57.50%
17.50%
7.50%
12.50%
12.50%
75.00%
50.00%
70.00%
7.50%
15.00%
7.50%

12.50%
62.50%
20.00%
5.00%

Forty sets of data were collected and cross tabulations were created for each demographic
measured and compared with the dependent variables and environment scores. Although some
statistical significance was discovered, it was not enough to draw conclusions about the
relationship between demographics and the scores of the environments due to a small sample
size.
4.2

Experimental Design
A within-subjects design was used during this study, meaning that all participants were tested

under all conditions. This means that each participant experienced all levels of the independent
9

variable. The independent variable of this study was the presence or absence of signage within
the virtual environment. The levels are as follows:
1.

No signage

2.

Safety signs

3.

Safety posters

4.

Both safety signs and safety posters

There are five dependent variables that were all tested individually using surveys. Although
the main focus of this study is perceived safety culture, there are several factors that play a role
to form safety culture. The five dependent variables, which are each represented in a different
survey question, are:

4.3

1.

Priority of safety

2.

Safety awareness

3.

Personal perception of safety

4.

Perception of coworker safety

5.

Safety culture

Tools
The virtual environment was created using Unity, owned by Unity Technologies. After

creating the environment using Unity assets, the environment was then transferred to the Oculus
Quest virtual reality headset. It is a tetherless, head-mounted display that immerses users into a
virtual environment. The Oculus Quest contains the virtual environment with every level and
randomized the levels for each participant.. The randomization order was recorded in the headset
output.
The testing was performed in the Human Systems Engineering Laboratory (HSEL) in
McCain Hall at Mississippi State University’s main campus. The lab was cleared out to provide
10

ample room for the virtual environment to be used safely. After all testing was completed,
IBM’S SPSS statistical software was used to analyze the results.
4.4

Pre-Testing
First, all participants were screened before they were chosen. The screening questions

were about motion sickness and the participants’ age, with a minimum of 18 years old
(APPENDIX B). Once participants were accepted, participants were given their participant
number and picked a testing date and time from the options provided
Each participant completed an IRB consent form, demographic survey (APPENDIX C),
and simulator sickness questionnaire (SSQ) (APPENDIX D) for a baseline measurement upon
arrival, and then underwent a VR familiarization. Participants were given time to get comfortable
with the headset and being in a virtual environment. The familiarization script read:
“First, we are going to do a VR familiarization. Whether you’ve ever experienced virtual
reality or not, this will help you get comfortable with it for today’s testing.”
Participant will be assisted with putting on and adjusting the headset
“You should be immersed into a virtual warehouse scene. Take a little while to walk
around the environment and look at your surroundings. Please stay within the yellow
lines on the ground. Let me know if you have any questions or concerns. When you feel
comfortable, go ahead and remove the headset.”
After the familiarization, the SSQ survey was given again. The SSQ scores were
monitored for each participant, and participants were to be removed from the study if needed.
This means that if a participant marked that they were feeling “moderate” nausea, they would be
rejected; however, if a participant marked that they were feeling a “slight” headache, they would
be asked if they wanted to continue or not. Overall, if a symptom was “slight” it was okay, but if
11

a symptom was marked as “moderate” then the participant was rejected or questioned about
continuing, based on the specific situation at hand. After completion of these tasks, the testing
began.
4.5

Protocol
The order in which the four scenarios were presented were randomized for each

participant. After each scenario, the SSQ and a safety culture survey were given to measure the
participant’s motion sickness levels and their perception of the dependent variable being tested.
There were four scenarios and four surveys, with consistent survey structures and questions
(APPENDIX E). To introduce participants to the VR testing, they were told that it was their first
day at their new job and they could look around and answer some questions. They were given 30
seconds in each environment to look around. The debriefing script read:
“Now that you have done the VR familiarization, it is time to begin the testing. It is your
first day at your new job and you have the chance to walk around your workspace and
answer several questions. You will be immersed into 4 different virtual environments and
take a survey after you see each one. In each environment, you will have 30 seconds to
look around the workspace. Please stay inside of the yellow lines on the ground and
return to the yellow “X” when you are finished or when I tell you that your time is up. Do
you have any questions?”
Each participant was compensated $10 after their testing session. If a participant could
not finish the testing due to motion sickness, or simply dropped out for personal reasons, he or
she would be compensated $5. No participants were rejected from the study. All participants
completed the study protocol.
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In review, the testing was estimated to take approximately 20 minutes per participant.
The protocol was as follows:

4.6

1.

Participant screening

2.

IRB Consent Form

3.

Demographic Survey

4.

SSQ

5.

VR Familiarization

6.

SSQ

7.

Scenario

8.

SSQ + Safety Culture Survey

9.

Scenario

10.

SSQ + Safety Culture Survey

11.

Scenario

12.

SSQ + Safety Culture Survey

13.

Scenario

14.

SSQ + Safety Culture Survey

15.

Payment

Safety Signs and Posters
Safety posters used were from the ALSCO series (Figure 4.1). Safety signs used came

with the industrial package used in Unity when creating the virtual environment (Figure 4.2).

13

Figure 4.1
(a)
(b)
(c)
(d)

Safety Posters

Poster 1
Poster 2
Poster 3
Poster 4
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Figure 4.2
(a)
(b)
(c)
(d)

Safety Signs

Sign 1
Sign 2
Sign 3
Sign 4

Per OSHA standards, all signs and posters were placed a minimum of seven feet above the
floor of the virtual environment. Safety posters were all sized 24x36 inches. Figure 4.2(a) and
Figure 4.2(b) were sized 10x7 inches. Figure 4.2(c) was sized 14x5 inches and Figure 4.2(d) was
sized 7x10 inches. Posters and signs were dispersed throughout the virtual environment, with one
poster and sign per each of the four walls (for the environment with both posters and signs). For
the other trials with only signs or only posters, they were placed similarly with one sign or poster
per wall.
4.7

Virtual Environments
The virtual environments for each scenario can be seen below (Figure 4.3 - Figure 4.7).

Figure 4.3 shows the exterior of the virtual environment, a warehouse measuring approximately
15

44x53 feet. The area for participants to use was approximately 14x23 feet due to lab space and
distance from obstacles. Figure 4.4 - Figure 4.7 show the four different scenarios that
participants were immersed in. Each of the four environments had the same objects, placement of
objects, material/wall/floor colors and textures, and size. The only difference between the
environments was the amount of and type of signage on the walls. There was yellow tape and a
large yellow “X” on the ground in each of the scenarios marking where participants could walk
around. The “X” showed participants where to start and finish each trial, which proved to be
beneficial for calibrating the VR headset location and starting point.

Figure 4.3

Warehouse
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Figure 4.4

Virtual Environment - No signage

(a) View 1
(b) View 2

Figure 4.5

Virtual Environment - Safety Signs

(a) View 1
(b) View 2
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Figure 4.6

Virtual Environment - Safety Posters

(a) View 1
(b) View 2

Figure 4.7

Virtual Environment - Signs & Posters

(a) View 1
(b) View 2
4.8

Safety Culture Survey
Most of the surveys that were found in literature measuring perceived safety culture of a

company focus on managerial styles and programs. There were no studies found relating to
safety posters and safety culture; therefore, a specialized survey was created for this study
18

(APPENDIX E). Because this study is only relating to the visual presence of safety posters, no
previous surveys or individual questions were applicable.
The survey created is comprised of short, clear statements and was rated using a sevenpoint Likert scale. There are ten questions total, but only five of them pertain to the study’s
objective measuring perceived safety and safety culture. The other five questions are placed
throughout the survey to mask the objective of the study to the participants. The extra questions
pertain to workspace lighting, amount of work space, workspace clutter, the company’s
efficiency, and the company’s value placed on customers. The five safety questions measure
various items relating to safety - the perceived priority that the company places on safety, safety
awareness that the company has, the participant’s own perception of how safe he or she feels or
thinks an actual employee would feel, and the overall perceived safety culture of the company.
As stated previously, the surveys were distributed after each environment scenario. The
participants removed the headset and completed the survey on paper, along with the SSQ. During
this time, the environment was transitioned into the next level by the test administrator. The
participant then put the headset back on and repeated the task again in another virtual
environment. After all testing was completed and data was collected, the surveys were used to
determine the effect that safety signage had on the perception of the dependent variables in the
survey.
4.9

Statistical Analysis
After all data was collected, SPSS was used to conduct a statistical analysis. The

Friedman Test was used to test for differences between the four levels for all of the five
dependent variables. The following statistical hypotheses are:
1.

H0: Survey results show that there are no differences between the environments.
19

2.

H1: Survey results show that at least two of the environments are significantly
different from each other.

The test statistic (Chi-Square) and p-values were found and used to reject or accept the
hypotheses. An alpha of 0.05 was used, and all survey measurements (questions) were analyzed
individually.
The Friedman Test determines if there is a statistically significant difference between the
levels of the independent variable for each of the five dependent variables, but it does not give
any further details. In order to explore how each level of the independent variable affected the
results, a post hoc analysis was needed. A Wilcoxon Test was performed on each dependent
variable. The test was ran on each combination of levels within the independent variable.
Because there are four levels, there were six Wilcoxon tests for each of the five dependent
variables. The six Wilcoxon tests ran for the dependent variables were:
1. Safety Posters + Safety Signs & Safety Posters
2. Safety Posters + Safety Signs & Safety Signs
3. Safety Posters + Safety Signs & No Signage
4. Safety Posters & Safety Signs
5. Safety Posters & No Signage
6. Safety Signs & No Signage
Because multiple comparisons were made, a Bonferroni adjustment was needed on the
Wilcoxon test results. This adjustment was calculated to be 0.00833. The Wilcoxon Signed
Ranks Test gives the p-value for each of the combinations and they are manually compared to
the Bonferroni-adjusted values.
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CHAPTER V
RESULTS
5.1

Overview
A total of forty participants were screened, scheduled, and tested in the four virtual reality

environments. Each of the five dependent variables had statistically significant differences
between the four levels of the independent variable. The Friedman Test null hypothesis was
rejected because the survey results show that at least two of the environments were significantly
different from each other. Figure 5.1 shows the median scores for each of the dependent
variables and their four environments of various signage. For all of the dependent variables
except personal perception of safety, the presence of safety posters impacted the median scores
positively compared to the environment with only safety signs. The research objective and
hypothesis was confirmed – the presence of safety posters was found to increase the perceived
safety culture in an industrial site environment, compared to no signage or only safety signs. In
this case, the presence of safety posters increased perceived priority of safety, perception of
coworker safety, perceived company safety awareness, and perceived company safety culture.

21

Figure 5.1

5.2

Median Scores by Dependent Variable and Signage

Priority of Safety
The first dependent variable, perceived priority of safety, was measured using statement

#2 of the survey. The statement to be scored read, “This company prioritizes safety.” There was
a statistically significant difference in perceived priority of safety depending on the amount of
signage in the virtual environments, χ2(2) = 80.657, p < 0.001. After conducting a post hoc
analysis, it was found that the scores increased chronologically from No Signage to Safety
Posters + Safety Signs, as signage increased. Table 5.1 shows the 50th percentile median scores,
with No Signage scoring a median of 3 and Safety Posters + Safety Signs scoring a median of 7,
the highest score possible.
22

Table 5.1

Dependent Variable 1 – Descriptive Statistics
N

Safety Posters +
Safety Signs
Safety Posters
Safety Signs
No Signage

40.00
40.00
40.00
40.00

Mean

Std. Dev.

6.18
6.13
4.85
3.20

1.38
0.76
1.35
1.65

Min.

2.00
5.00
2.00
1.00

Max.

7.00
7.00
7.00
7.00

25th

Percentiles
50th
(Median)

6.00
6.00
4.00
2.00

7.00
6.00
5.00
3.00

75th
7.00
7.00
6.00
4.75

Table 5.2 shows the cross tabulation of the relationship between the environment shown
and the participants’ scores. Safety Posters + Safety Signs had the greatest percentage of high
scores.

Table 5.2

Dependent Variable 1 – Cross Tabulation
1

Safety Posters
Scene + Safety Signs
Safety Posters
Safety Signs
No signage
Total

5.3

2

3

4

5

6

7

0.00% 0.00% 12.50% 2.50% 5.00% 55.00% 25.00%
0.00% 0.00% 2.50% 10.00% 10.00% 57.50% 20.00%
0.00% 0.00% 10.00% 10.00% 25.00% 42.50% 12.50%
5.00% 12.50% 17.50% 12.50% 27.50% 22.50% 2.50%
1.30% 3.10% 10.60% 8.80% 16.90% 44.40% 15.00%

Personal Perception of Safety
The second dependent variable, personal perception of safety, was measured using

statement #4 of the survey. The statement to be scored read, “I felt safe in this environment.”
There was a statistically significant difference in personal perception of safety depending on the
amount of signage in the virtual environments, χ2(2) = 46.099, p < 0.001. After conducting a post
hoc analysis, however, only half of the six comparisons were also statistically significant. Table
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5.3 shows the 50th percentile median scores, which are the same for three of the scenes with
safety posters and safety signs but is lesser for No Signage. This shows that there was a positive
difference from No Signage to the other three scenes.

Table 5.3

Dependent Variable 2 – Descriptive Statistics
N

Mean

Std. Dev.

Min. Max.
25th

Safety Posters
+ Safety Signs
Safety Posters
Safety Signs
No Signage

40.00
40.00
40.00
40.00

5.78
5.83
5.38
4.23

1.23
0.96
1.15
1.59

3.00
3.00
3.00
1.00

7.00
7.00
7.00
7.00

6.00
6.00
5.00
3.00

Percentiles
50th
(Median)
6.00
6.00
6.00
5.00

75th
6.75
6.00
6.00
5.75

Table 5.4 shows the cross tabulation of the relationship between the environment shown
and the participants’ scores. It can be seen that Safety Posters + Safety Signs had the greatest
percentage of high scores.

Table 5.4

Dependent Variable 2 – Cross Tabulation

Scene Safety Posters
+ Safety Signs
Safety Posters
Safety Signs
No Signage
Total

1
0.0%

2
3
0.0% 12.5%

4
2.5%

5
6
7
5.0% 55.0% 25.0%

0.0% 0.0% 2.5% 10.0% 10.0% 57.5% 20.0%
0.0% 0.0% 10.0% 10.0% 25.0% 42.5% 12.5%
5.0% 12.5% 17.5% 12.5% 27.5% 22.5% 2.5%
1.3% 3.1% 10.6% 8.8% 16.9% 44.4% 15.0%
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5.4

Perception of Coworker Safety
The third dependent variable, perception of coworker safety, was measured using

statement #5 of the survey. The statement to be scored read, “I think my coworkers would feel
safe in this environment.” There was a statistically significant difference in perception of
coworker safety depending on the amount of signage in the virtual environments, χ2(2) = 56.702,
p < 0.001. After conducting a post hoc analysis, however, only four of the six comparisons were
statistically significant. Table 5.5 shows the 50th percentile median scores, which are the same
for Safety Posters + Safety Signs and Safety Posters but are lesser for Safety Signs and No
Signage. This shows that there was no difference from Safety Posters to Safety Posters + Safety
Signs , however, Safety Posters scored higher than Safety Signs.

Table 5.5

Dependent Variable 3 – Descriptive Statistics
N

Mean

Std. Dev.

Min. Max.
25th

Safety Posters
+ Safety Signs
Safety Posters
Safety Signs
No Signage

40.00
40.00
40.00
40.00

5.80
5.70
5.05
3.93

1.11
0.99
1.11
1.54

3.00
3.00
3.00
1.00

7.00
7.00
7.00
7.00

6.00
5.00
4.00
3.00

Percentiles
50th
(Median)
6.00
6.00
5.00
4.00

75th
6.00
6.00
6.00
5.00

Table 5.6 shows the cross tabulation of the relationship between the environment shown
and the participants’ scores. It can be seen that Safety Posters + Safety Signs had the greatest
percentage of high scores.
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Table 5.6

Dependent Variable 3 – Cross Tabulation
1

Safety Posters
Scene + Safety Signs
Safety Posters
Safety Signs
No Signage
Total

5.5

2

3

0.00% 0.00% 7.50%
0.00% 0.00% 2.50%
0.00% 0.00% 12.50%
5.00% 15.00% 20.00%
1.30% 3.80% 10.60%

4

5

6

7.50%
12.50%
15.00%
25.00%
15.00%

5.00%
15.00%
32.50%
15.00%
16.90%

7

57.50% 22.50%
52.50% 17.50%
35.00% 5.00%
17.50% 2.50%
40.60% 11.90%

Safety Awareness
The fourth dependent variable, safety awareness, was measured using statement #8 of the

survey. The statement to be scored read, “This company promotes safety awareness.” There was
a statistically significant difference in perceived promotion of safety awareness depending on the
amount of signage in the virtual environments, χ2(2) = 82.089, p < 0.001. After conducting a post
hoc analysis, five of the six comparisons were also statistically significant. Table 5.7 shows the
50th percentile median scores, which increase from No Signage to Safety Posters + Safety Signs.

Table 5.7

Dependent Variable 4 – Descriptive Statistics
N

Mean

Std. Dev.

Min. Max.
25th

Safety Posters +
Safety Signs
Safety Posters
Safety Signs
No Signage

40.00
40.00
40.00
40.00

6.15
6.08
4.70
2.73

1.31
1.23
1.42
1.69

2.00
0.00
2.00
1.00
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7.00
7.00
7.00
6.00

6.00
6.00
4.00
1.25

Percentiles
50th
(Median)
7.00
6.00
5.00
2.00

75th
7.00
7.00
6.00
4.00

Table 5.8 shows the cross tabulation of the relationship between the environment shown
and the participants’ scores. It can be seen that Safety Posters + Safety Signs had the greatest
percentage of high scores.

Table 5.8

Dependent Variable 4 – Cross Tabulation
1

Safety Posters
Scene + Safety Signs
Safety Posters
Safety Signs
No Signage
Total

5.6

2

3

4

5

0.00% 5.00% 2.50% 0.00% 12.50%
0.00% 0.00% 0.00% 0.00% 17.50%
0.00% 10.00% 12.50% 15.00% 27.50%
25.00% 37.50% 10.00% 7.50% 7.50%
6.30% 13.10% 6.30% 5.60% 16.30%

6

7

25.00% 55.00%
40.00% 40.00%
30.00% 5.00%
12.50% 0.00%
26.90% 25.00%

Safety Culture
The fifth dependent variable, safety culture, was measured using statement #10 of the

survey. The statement to be scored read, “This company appears to have a strong safety culture.”
There was a statistically significant difference in perceived safety culture depending on the
amount of signage in the virtual environments, χ2(2) = 74.187, p < 0.001. After conducting a post
hoc analysis, five of the six comparisons were also statistically significant. Table 5.9 shows the
50th percentile median scores, which increase from No Signage to Safety Posters, but remain the
same for Safety Posters and Safety Posters + Safety Signs.
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Table 5.9

Dependent Variable 5 – Descriptive Statistics
N

Mean

Std. Dev.

Min. Max.

Percentiles
50th
(Median)

25th
Safety Posters
+ Safety Signs
Safety Posters
Safety Signs
No Signage

40.00
40.00
40.00
40.00

5.98
5.85
4.50
3.15

1.27
1.25
1.22
1.78

2.00
0.00
2.00
1.00

7.00
7.00
6.00
6.00

6.00
5.00
3.00
2.00

6.00
6.00
5.00
2.00

75th
7.00
7.00
5.00
5.00

Table 5.10 shows the cross tabulation of the relationship between the environment shown
and the participants’ scores. It can be seen that Safety Posters + Safety Signs had the greatest
percentage of high scores.

Table 5.10

Dependent Variable 5 – Cross Tabulation
1

Safety Posters
Scene + Safety Signs
Safety Posters
Safety Signs
No Signage
Total

5.7

2

3

0.00% 2.50% 5.00%
0.00% 0.00% 0.00%
0.00% 2.50% 30.00%
12.50% 42.50% 10.00%
3.10% 11.90% 11.30%

4

5

5.00%
2.50%
5.00%
7.50%
5.00%

10.00%
25.00%
40.00%
7.50%
20.60%

6

7

35.00% 42.50%
40.00% 30.00%
22.50% 0.00%
20.00% 0.00%
29.40% 18.10%

Demographics
Cross tabulations were created for each demographic measured and compared with the

dependent variables and environment scores. Although some statistical significance was
discovered, it was not enough to draw conclusions about the relationship between demographics
and the scores of the environments.
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CHAPTER VI
DISCUSSION
The results confirm the hypothesis tested. In this study, it was proven that the presence of
safety posters increased the perceived safety culture in the VR industrial environment. But what
does this mean exactly? It was expected that if poster campaigns could promote awareness or
change opinions on a subject then they could also affect perceived safety culture.
For this study, safety culture was broken down to have an additional four other variables
to contribute to overall safety culture. Out of the five dependent variables, only one, personal
perception of safety, did not show a positive difference from Safety Signs to Safety Posters
(Figure 5.1). It can be inferred this is because the participants were in a VR environment and did
not report much change from scene to scene regarding their own personal safety. For three out of
the five dependent variables, Safety Signs + Safety Posters and Safety Posters had the same
median score. It can be inferred that for these three variables, personal perception of safety,
perception of coworker safety, and safety culture, the addition of safety signs had no effect on
the participants’ perception. This shows the significance of the presence of safety posters.
The scores were expected to increase in the following order: No Signage, Safety Signs,
Safety Posters, and Safety Posters + Safety Signs. Only two of the dependent variables followed
this pattern, priority of safety and safety awareness. This is interesting because these are the only
two variables that do not measure how the participant feels or about the safety culture – they
only measure the company’s intentionality with being safe. These two dependent variables are
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also the only ones that had a median of seven (strongly agree), the highest score possible. The
other three variables only have a maximum median of six (slightly agree). It can be inferred that
safety posters have an effect on the perception of a company specifically and their priority of
being safe and promoting safety awareness. Although the median scores were lower for the other
dependent variables, it could be expected that the perception of a safe company could contribute
to increasing the perception of the other variables, like feeling safe personally and like the
company has a strong safety culture. This information can be used to suggest safety posters can
change and increase perceived safety culture at a company.
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CHAPTER VII
CONCLUSION
After testing participants in four virtual environments with varying amounts of signage
(No Signage, Safety Signs, Safety Posters, and Safety Posters + Safety Signs), it was found that
there was a statistical significance in scores for each of the five dependent variables (priority of
safety, personal perception of safety, perception of coworker safety, safety awareness, and safety
culture). The only difference between the virtual environments was the signage, or lack thereof.
Participants scored the dependent variables using a ten-question survey given after seeing each
environment. This study confirmed the original hypothesis that safety posters increase the
perceived safety culture in an industrial site environment, compared to no signage or only safety
signs.
7.1

Limitations
This study had a few limitations that could have affected the data collection. The first

limitation was calibration of the VR headset. Although each participant started on the “X”
marked with tape, some technical difficulties were experienced. Instead of starting inside of the
warehouse scene, sometimes participant would accidentally appear to be outside of the
warehouse in the virtual world. When there were calibration errors like this, the participants told
the test administrator so it could be fixed if it was not already asked about. Overall, it is not
expected that this affected the data collection significantly. It could have caused a greater amount
of time in one environment over another scene; however, if the participant’s headset was not
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calibrated correctly, he or she would not actually see the specific scene until the calibration was
corrected and the 30 second timer began. When this technical difficulty first happened and was
realized, the test administrator took all precautions to prevent calibration errors. The headset was
calibrated for each scene and every participant was asked if they were inside of the virtual
warehouse on the “X.”
Another study limitation was the randomization of the VR scenes for each participant.
Although consistency of the scene order would provide controlled results, how would one decide
the order that the participants see each scene? In order to not bias the participants by showing
them scenes in order of increasing signage or decreasing signage, it was decided that
randomization for each participant would be best for data collection and honest, unbiased survey
results from participants. This ties in with the last limitation of the study – the first time the
participants took the survey. Because the scenes were randomized for each participant, and the
participants did not know what the survey would ask, data could have been affected. If a
participant saw No Signage first and did not know what he or she was looking for, the participant
could select high scores indicating the scene was very safe, when they probably would not have
scored it the same if they had seen the same scene later in the testing. Although this limitation
was considered, randomization was decided upon anyway and statistical significance was found
between all scene scores. The order of randomization for the participants was analyzed and it
was decided that the randomization did not provide any limitations to the data.
7.2

Future Work
If the presence of safety posters and their connection to affecting safety culture was to be

studied further, it is recommended that it be done in the field instead of using virtual reality.
Although this virtual reality study provided significant and beneficial results, an experiment
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conducted in an actual warehouse or industrial environment would provide more realistic results.
As discussed in the literature review, poster campaigns have been done before in industrial
environments, but none regarding safety culture. In this study, most participants realized that the
only thing changing between the scenes shown was the amount of signage; however, in a field
study it would be interesting to discover if the signs and posters are noticed at all. The field study
would provide less controlled but more accurate results regarding how safety posters affect
perceived safety culture.
Regarding a field study, it is expected that safety posters would increase employees’
perceived safety culture in a variety of environments – not just an industrial environment. This
study supports the notion that safety posters would lead to safer behavior by employees, as stated
previously by Nazaruk. Safety posters should be tested in other industries, whether they are large
companies or small, local businesses.
Another factor to consider for future work is the focus on demographics. This study’s
focus was on safety posters specifically; however, it would be interesting to see if there is
statistical significance between various demographics. This study was not large enough to do so.
Age, gender, ethnicity, religion, OSHA familiarity, and job experience would all be beneficial to
consider when studying perceived safety culture in a field study.
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APPENDIX A
RECRUITMENT MATERIALS
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A.1

Word of Mouth (approximate statement)
We are running a research study using virtual reality to observe pedestrian perceptions of

various work spaces. You would be asked to wear a VR headset and repeatedly walk around a
virtual warehouse. The study will take no more than 30 minutes to complete and you will receive
$10 for participating. Participants must be 18 or older, fluent English speakers, and not be prone
to motion sickness. If you are interested, let me know or email rs1840@msstate.edu with “VR
Study Participant” in the subject line.
A.2

Social Media (email)
Participants are needed to take part in a research study using virtual reality to observe

pedestrian perceptions of various work spaces. Participants will be asked to wear a VR headset
and repeatedly walk around a virtual warehouse. The study will take no more than 30 minutes to
complete and you will receive $10 for participating. Participants must be 18 or older, fluent
English speakers, and not be prone to motion sickness. If you are interested, email
rs1840@msstate.edu with “VR Study Participant” in the subject line.
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APPENDIX B
PARTICIPANT SCREENING
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Please circle your answer for each question.

1. Do you experience motion sickness?
a. Yes
b. No
c. Sometimes

2. Are you at least 18 years old?
a. Yes
b. No
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APPENDIX C
DEMOGRAPHIC SURVEY
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Please circle the letter that best fits your answer or fill in the appropriate blank.
1. Age ______________
2. Gender
a. Male
b. Female
c. Prefer to self-describe: _______________________________________
d. Prefer not to answer
3. Ethnicity
a. American Indian or Alaska Native
b. Asian
c. Black or African American
d. Hispanic or Latino
e. Native Hawaiian or Other Pacific Islander
f. White
g. Other: _________________________________________
h. Prefer not to answer
4. Religion
a. Christian
b. Jewish
c. Muslim
d. Buddhist
e. Hindu
f. Atheist
g. Agnostic
h. None
i. Prefer to self-describe: _________________________________________
j. Prefer not to answer
5. Work experience (circle as many responses that apply and give a short description of
your experience)
a. Internship
i. Company: ____________________________________________
ii. Description: ___________________________________________
b. Full-time job _________________________________________________
i. Company: ____________________________________________
ii. Description: ___________________________________________
c. Part-time job _________________________________________________
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i. Company: ____________________________________________
ii. Description: ___________________________________________
d. Research job _________________________________________________
i. Company: ____________________________________________
ii. Description: ___________________________________________
e. Other ______________________________________________________
i. Company: ____________________________________________
ii. Description: ___________________________________________
f. No work experience
6. How familiar are you with the Occupational Safety and Health Administration (OSHA)?
a. Not familiar
b. Somewhat familiar
c. Familiar
d. Very familiar
7. How experienced are you with virtual reality (VR)?
a. No experience
b. Some experience
c. Experienced
d. Very experienced
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APPENDIX D
SIMULATOR SICKNESS QUESTIONNAIRE (SSQ)
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Please circle your response for each question.

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

12. Dizziness with eyes
open

NONE

SLIGHT

MODERATE

SEVERE

13. Dizziness with eyes
closed

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

NONE

SLIGHT

MODERATE

SEVERE

1. General discomfort
2. Fatigue
3. Headache
4. Eye strain
5. Difficulty focusing
6. Salivation increasing
7. Sweating
8. Nausea
9. Difficulty
concentrating
10. Fullness of the head
11. Blurred vision

14. Vertigo*
15. Stomach awareness**
16. Burping

*Vertigo is experienced as loss of orientation with respect to vertical upright
**Stomach awareness is usually used to indicate a feeling of discomfort which is just
short of nausea
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APPENDIX E
SAFETY CULTURE SURVEY

44

Please circle the number that best aligns with your opinion of the statement provided.

1. The workspace lighting is comfortable.

2. This company prioritizes safety.

3. There is plenty of space to work.

4. I felt safe in this environment.

5. I think my coworkers would feel safe in this environment.
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6. This warehouse is free of clutter.

7. I imagine this company is efficient.

8. This company promotes safety awareness.

9. This company values their customers.

10. This company appears to have a strong safety culture.
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